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U. S..ARMY ENGINEER DIVISION, NEW ENGLAND
.. .CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM 54. MASS.

ADDRESS REPLY TO:
DIVISION ENGINEER

REFER TO FILE NO.

NEDGW e 16 May 1962

SUBJECT: Design Memorandun on Rehabilitation of the Breakwater
at Cape Cod Canal, Sandwich, Massachusetts (Miner
Rehabilitation)

TO: Chief &f Engineers
. ATTIN: ENGCW-E
Department of the Army
Washingten 25, D, Cs.

1. In accordance with EM 1110~2-1150, 1151 and 1152
Engineering and Design, Definite Project Studies, dated
15 January 1962 and letter ENGCW-E, dated 2l August 1960,
Subjects Rehabilitation Projects - Definite Project Studies,
there are inclosed ten (10) copies of the design memorandum
on the subjeet project, The work involved is the repair ef
the breakwater at the east entrance to the Cape Cod Canal,
Massachusetts, the cost of which falls within the scope of
projects defined as minor rehabilitation projects,

2, In'accordance with the above-reférenced authority,
the design memorandum is forwarded for review and approval,
Funds in the amount of $350,000 allocated in FY 1962 are
sufficient to undertake the work, - Present schedule contemplates
advertisement of the project en 25 May 1962 in order-to permit
obligation of available funds within the fiscal year.

1 Incl (10 cys) OITO J. ROHDE
as Colonel, Corps of Engineers
Acting Division Engineer
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U. S. ARMY ?WGINEER DIVISION, NEW ENGLAND
CORPS oF ENGINEERS :
Li2ly Trapelo Road
.. Waltham 5k, MESS!

S St SRR 16 May 1962
' " DESTGN mmmmm O GAPE-GOD ‘GAMAL, L

MASSACHUSETTS ‘= EAST ENTRANCE ~ -
' REHABILITATIO“ OF BREAYNATER

PERTIVENT DATA

1.¢ Locatlon and Purnose. - The east end’ of the Cape Cod Canal 13”
protected from wave action and littoral :drift by a breakwater and.a - .
jetty which extend from shore parallel td-the Canal, Storms and wavesﬁ
have damaged both, and rehabilitation of the breakwater is needed to =
contlnue protectlon of thé canal entrance and vessel-traffic.-

Type of Imprnvemenirand Design, ='The breakwater is constructed
of’ stpne riprap., Rehabilitation using, heavier stone is proposed, The
de51gn waye is an 11~second. -wave, 2035 “feet! ‘High from:the northeast,
The normal tide is 9 L feet) storm-tide. is. 11 feet. Design features are
as follows: :

”.?faﬁfﬁ Eggig\ Slde Slopes
Canal~Station Leggth ;Elev, Width Qhannel Sea Stone Size

Breakwater: - ' ff. : ”‘_--‘ L
10400 to =6+00 1,600v 18! 25_! lonl 1on?2 3~ to be=ton *
-6+00 to -14+00°  BoOt' 18t 20 1lon 2 :leon 2 6=ton
“1400 to ~15425 . 125@ ‘18t 25F  lon2. lon2 . -12-ton.
Egd 3lope o - = lon3 :lon3 - 12-ton .
,525' ' - e e

% Orlglnal De51cn,

. -

3. Principal Quantities and Costs. - Thp volumes of stone requlred
and estimated costs arer

Rehabllitatlon
of Breakwater
Stone Required (6 to 12 tons) 19,100 Tons
Construction Cost $ 320,000
Anmual Charges (50~yearilife)
Interest & Amortization $ 13,000
Maintenance 2,000

Total $ 15,000



i, Benefits, =~ ‘Prevention of vessel damage and loss of life, and
protection of the canal entrance.v .

ﬁﬁo&ECT’ ‘ =fl_UTHbPLI’ZAT TON

"5, Section 2 of the River and Herbor Act, adopted 21 January
1927, nrovided for the purchase of the Cape Cod Gapial: from the Boston,
Cane Cod and New York Canal Company, which-had buidt it between 1909
and 1916 and was omeratlng it-as .a toll canal, :The United States
assumed ownership 31 March 1928, Modifications of the Federal project
were authorized by Public Works Acts of 1933 and 1935, by River and
Horbor Acts of 1935, 19L5 and 1958 -and by the Chief of Engineers in
1947, In general the project provides for a sea level canal 32 feet
deep,- SMO-feot wide in a. 7,7=mile .land cu}p and av1ng a total:length
of 17.5 miles from Cape CeduDey.to Luzzards DaYn FTHe pProject. 1ncludesr;
operating fa0111tles? moorlnnga51ns for 1arﬁe and small vessels, a ...
small=boat channcl in Onset Bay, as wolW,as two hlgh level: hlﬂhway ;f;
bridges and . railroad 1ift bridge. . SR e cries

.. 6. Federal progect costs to 30 Juno 1961 were as. follows*

R .f.:4,,
4

L Hew ek w Total
" canal éurchas‘e' $11,500,000 - $11,00,000
e 120,069, 3h2 % $18,63L,738 3@,70& 080 |
a1, 569,302 -’*’*é‘af:s,--'séu;‘vés $5’o zoh 080

... % Includes $6,136,157. from public work funds: i
.and h,8h9 7@0 from emergency rellef fundsy &

[ IR s SRPE
7. In addltvon to the above,,the amount of~$h8 OOO was ex— YT
pended from non-Fedéral contributed funds, The: pfoaect has been B
completed as authorized with the exception of an eﬂlﬂraement of the
East Boat Basin for smell craft. o RTLe i

1. 8¢ A breakwater dnd jetty at.the cast.end.of theﬁcénéleere»
included in the purchase price for the conal Dropertlés. “Thereé  appear -
to have been no ma 1ntengncc costs for either structure,

e i g



9;
Cape Cod Canal was started in 1909, Apparently the need for some .
structure at the east end‘of ‘the ‘canal: where It ¢grosses the almost
straight- shore line of Cépe~00d Bay'was evmdent from the start because:

a contract for construction of 4 3, OOO—foot breakwater was let 15 Moy

1909; This ‘tontract was completed in 1913 by the Degnon Cape Cod Canal
Construction Company, In thHat year a second contract was let to the _[
same company, apparently for construction” of the jetty., On ‘this assump=

tion, the volumes and costs were: f“

e oo & Gt
P

: Breakmater 310 782 tonS'@ %1.50/ton ! $h66 173 e
Jetty 2&,866 tons @ $1.50/ton - 37,299 ; Chw
Other mlscellaneous costs - : 5 ‘

'-:.1;" U Total Contract Gosts

$5oh,o77

10. There is no record of any maintenance work on elther structure.
Since 1913, wheén they were- completed storms’ heve damaged the tips’ of .
both the breakwater and 'thé 3etty, and the’top of theﬂgetty has been
broken”ddvm, * It 1Iso'appeérs “that” thére has” béen séme’ settlement - of Vi
both structures, TH Breakwator 1ight, _which was” established L March‘.f:
1915 orr'the breakwater at about ‘the shore llne, was ‘moved 1,600 feet to
its present”location at, Ganal Stetlon ~1h*07 on. 25 September 1928,
the original end of the“structure was about At Caral Station —15+60, o
it #ppears probable that” ‘the”tip had been éamaged at that time and that
further damage has occurred 31nce,

11, The~ breakwater “design prov;ded fopa crest.w1dth o£ 2Snfeet
at 18 feet abové mean low water, with side slopes of 1'on 2°on the. | =~
northwest side from the top to 12 feet below mean low water, and 1 on e
1 below that depth and on the channel side. The structure was to be.
3,000 feet 1ong, extending 2, 600 fect from shore out to a depth of Y
32*feét; It does not appear to have been built to ‘that. length, but ¢ 7
to have’ beon actually constructed to a total 1ength of about 2, 7007 -
feet, approximately to the 30-foot depth contour, The' breakwater
stone was to be not: less than three tons with 25 percent six tons
from 12° feet ‘bélow mean low water up and on the’ outer 10 feet below -
that depth, The core below 12 feet below mean 1dw water was to be
stone of not less than 100 pounds each, with 50 percent 1 ton each.
A concrete head 30 feet in diameter aoout 1l feet deep was to be
placed at the tip., However, no evidence of this remains and it is not
known if it was constructed.




12, The Jetty (also called "sand catcher') was constructed
in 1913 with a crest width of 20 foet at 10 feet above mean low water
with side slopes of 1 on.l. It was built to the 6—foot depth contour,
a distance of about 600, feet, The end of this jetty was used as the’
~ reference point for the canal stﬂtlonlng, 2ll distances being meesured
west ﬂlong the, canal genter line from Station 0+00 opposite the end of
'the jetty.. The .stone used in the jetty appears to have been somewhc

meller than that used for the breakwater., , : o

13. Surveys.of .the jetty and breakwater were made in the Deriod
27 December 1961 .to 5 February 1962 when profiles, cross sections, and
soundings were. taken. The surveys show substantial damage at the
breakwater tip-and-moderate damage along the outer part of the break-
water trunk, --An:inspection made in April 1962 found no change from
conditions when®the survey was made,

lh, Sultablllty oﬁ DeS1un as Constructed ~ Progect Purpose. L
The breakwater was- constructed to errest littoral drift, train’ thé
tldal ourrent at the ca nal entrance’ to prevent ‘shoaling and’ reduce j;
nav1gatlon dlfflcultles. Tnere have been . ship.accidents Hear the'
entrenee, but 1t does not appear that the’ breakwater. or getty were
in anj way contrlbutlng faetor and, 1t is concluded tlat the break—‘
water as constructed does fulflll 1ts puroose. .

15. lhv Jettv was constructe to prevent grosi; of ‘the shore |
and reduce shoaling of the canal, There is a TFecurring shoal near *
Station 15+00,- _which may, be .caused. by hard h;gh spot Maintenance
of this end of ‘the canal does.not appear to be. a jor” aroblem. '
Walntenance requlrements epe ‘considered to have 1ncreesed somewhat
1n,the last 20 years since the Jetty top has been'below hl”h Wﬂter, .
It is concluded. that ‘the. jetty as designed wonlo fulflll 1ts purpose
and. thct repalr coulo be effoctlvoly ccomnllshed uncer ‘the molntenance
procr Ch e e e 6 et T ST

Lok

16 SUltoblllty of De51gn as Constructed -,Structural. - The
breakwater was completed in 1913, anc in the 119 yers since has been
generallf stable, The tip, which 1sfe)._osed to’ deep water waves, has
been flattened,from 5. slope of 1 on 2 to a sloce of about‘l on Te . The
trunk on the.canal side has bcen flattened froml on 1 to about 1 om
2.5. This damage is.evidence, tqat the orlslnel design was not adequate
to prevent damage, It should be noted that the orirlnal des1en was
sufficient to fulfill the purpose of the 'structure for 50 years. T is
considered that an improved design to strengthen the top and the outer
700 feet of the trunk would assure at least another 50 years of life
with minimum maintenance,




17. Desizn for Rechabilitation - Breakwater, - Wave refraction
studies.were made to select a design wave for the breakwater head. |
The water depth at the head”'s about 30 feet,” ‘The mean- range -of -tide: oils
is 9.l feet and storm tides’of 11 feet' would not be unreasonable, . ii“:/in
Therefore; waves up to 32 'fi *coula?reac&'the breakwater it they
existed,  Wave hindcast dats from Technical’ Memc¥andum No. 55'for i
Station B of’ Cape. Cod indieates that the most’frequent waves from-~ - oo o;
north to the northeast would have periods of 5 1) and 15 seconds,. - L
Refraction dlagrﬂms were drewn for these waves to obtain refractlon
coefficients, The highest. wave' would result’ from 1l-second. deep
water waves ‘from the northeast,” The hindeast’ data shows 20 hdurs P
of 20~ to. 25-foot waves. Applying refraction and shoaling coefflclents
to a 25=fopt wave results in a 20.5éfoot'weve at the breakwater head,

18, The de51gn was based on the Hudson#WES formula for stene
size, Checking the original deslgn indidated -that a2 store weight -
of 37 tons.should have been used for a 20,5-foot wave and using a
Kg coefficlent of 2,5 for a non=breaking wave. However, ~the ‘stone -
used was 3. tons with 25 perceént 6-ton, Thls difference is cofi= ' 'Ti:a
sidered indicative of the error resulting frofi‘use. of the HudsonAWES f
formula when waves overtop the structures The runep-fof a 20.5~foot
wave would, be.ahout 0.9,. or 18,5 feet, For no overtopping the
structure would have 1o be builf ‘to 29.5 feet above mean:low water. A
At:the. constructed elevation,of 18 feet’ abbut ‘one=half of thes wave:.
would go, over the, iop ane the‘energy'expended on the breekwater,ﬁ; ‘
would be reduced. e ) _ 51

19, It 1s cons;dered tnat the HudsonAWES fbrmularcan be used'
as a ba31s for design in this case, ‘because “information’is availoble .
on the’ stﬂblllty of the ex1st1ng structure., ‘Ther'e ‘are two pdssible - -:k??
approaches., derivation of a a Kgq for the ex1st1ng ‘stricture and s
using a lower value for a stronger 6951gn, or determlnlng ‘the wavie =~
height that. would have resulted in similar damage on-a non-overtopped
structure and using that height for design, Both methods were used:
and appear to yield the same result, However, it is considered that
future design studies would be simplified by comparison of Kq coef=
ficients derlved for existing structures, whereas theré appears to ,
be ne.comparable basis for reduc1n" wave helghts from those computed e
by present procedures, L A

20. As constructed 3-toq stone. on the breakwater head w1th a.-
20,5=foot de31gn ‘wave would require‘using a X of 30,6 in the Hudson=
WES formula. The original design was not adequate so'use of a Kg of
30,6 is not justified for rehabilitation, The present profile in the
direction of maximum wave attack is 1 on 6,7, and it appears that the
smaller stones have been dislodged leavinz stone of about L,5-ton



minimum,. A Kgq of 6,1 would suggest thlS de51gn, However,  the Dresent
situation is consideted to havé little.or né factor of” safetjwand L
therefore, 2 reduced value for'Kq of 5 0 has been chosen for de51gn ,fhf
of rehabilitation of the breakwater head., This value is considered.

to be cowmpérablé to the 2.5 sug"ested in the Summary of Dlscu351on,
Harbor Désign Conference, OCE,-, 5 -7 December 1960 for non—breaklng
waves on‘the head of a non—overtopeed structure of rough ansular I
quarry stoné. A4 valie higher than 2,5 would bé reasonable, since PR
about one-half of the design wﬂve would ovortop this structure., ’ '

21, Usmng Kd 8f 5 for a 20.5-foot wave would requlre 18-ton .
stone on“d-1 on 2:-slope or 1l2~ton stone on'a 1l on 3 slqpe. Because e
placing: -18~ton stone on the existing structure would be dlftlcultz
the 12aton-store on 1 on 3 slope was ¢hosen.

22, The orlglnal crest elevntlon anpe ars to be satlsfactory,
while a Iéwer®elevation might inerease na vigation’ dlfflcultlés. DR
The original héad width*of 25 feet wide, ubout 5 stones wlde, is
con31dered conserv tlve. o : ’

23. S sxmllar qDprouch was used for de51gn of rehcbllltatlon oﬁ Co
the trurk-betwesn the head and Station -6+OO The orlflnal design R
would require using a Kg of 3046 on the ‘séa “side and 61 2 on the Channel
side, -Thé- present slopé ig about Eon’ 2A5 end is ﬂnparently fa 1rly :
stable with minimum stones of - about- L tons.” K4 of 17.7 would’ sugeest ;
this desight for @ 20.5-foot de51gn rave, N 20" percent reduCulon to
increase the factor of safety indicates a Ky of 15 to be ‘reasonable,
This value is l,7 times larger than thc 3.5 sugaested in the Summary,.
of Discussioh, Harbor Désign: Conference, OCb,,S‘— 7 Deceémber l960,'for 1
non=-overtopped structurés W1tn wavéattack no 2l o tﬂp structure._f
Becausé- structure would be* overtoougd“by ong=half the de wave,
and because wave attack would be’ obllque o the trunk“ﬁi low anOIe ‘
(20 to 30 degrees), this Valde i's considéred reesonable.' (It mlght
be argued ‘that “the desizn wave should be ‘rediced oecuuse of the low
angle of” attwck but there does hot ‘appear to be any reﬂsonable way T
of determining what ‘tha reauctlon ‘should be, A Iower wave woula ‘ 5
result “in the ‘same desizn cha \nze altnou%1 ‘Llower, Kd velues would be 1n-li;
dicated. - Whatever numbers are’ uscd, & g for the new design that is
20 percent lower than indichted by the - exlstlne structure w111 result

in improved resistance to wave attack. 4 20 percent’ increase in -
stebility of this structure saould substuntlally reduce future .
malntenance,) R - o U P

A

BT



24, Usino the Kq'of 15 for the: 20_5~foot design wave wnuld ;
—aquirc 6~bor. stons on a 1 on 2 side slopa., The nrwglnal crest S
height appears: to be satisfactory at 18 feet above mean low water,
To reduce the quantity -of stone required, the top width could be:
raducnd . from the opizinal -25 feet to 20 fect,: Therc appears to . .
be no need for a w1der crest 50 ZOrfeet was scloctcd for rebnblll- C
tation;i o : - :

25, BetWeen St?tlon —6+00 and the shore end of the breakwqter;
at Station 10+00, the breakwater is not badly damaged The water .
depth off the structure is less than 3 feet, so wave attack on an,
11--foot storm tide would be limited to llufoot waves, The break= ..
water appears stable althouzh the channel side "slopc has flattened
somewhat, tho top is somewhat below the design elevation, ana there
arc spots where stones have been dislodged, Volume estimates indi-
cate that L4250 tons of stone would be nceded to rebuild this part
of the breakwater to. the original design cross sectior. This work
does pot appear nccessary. The structure has probably reached a -
stable condition, and the somewhat lower crest clevation doecs not ,
appear to be important. The top of the breakwater should be reshaped
to fili holes and prevent further raveling, While some additionﬁl '
stone may be required; most of this werk can be accomplished by -
rechandling displaced stones: The orlplngl deslgn for stonc of 3 to 6
tons is- consmde ed sauisfactory; ‘

~26. Nece351ty for Repairs. - The breakwater and Jetty at ﬁhe
east entrance of the Cape Cod Canal. proteet navigation and prevent.
‘shoaling of the canal. Both need répair to assure their continued
uscfulness, A desizn for rehabilitation of thu ‘breakwater has estab-
l“sbed the f0110W1n éeslﬂn dlm&n51on3° : .

: Grest E Grest : Slge . Stone . .

R Elevation =~ ‘Width Slapes Size
Breakwater - - N I
Head . 418t M,LW. T 25t 1lonm 3 12-ton
Trunk: Sta tlcn R
~4+00 to head -1 #18! ML, . 20! 1lon?2 .. '6=ton
+1.0+00 th*6+OO*7 ‘Reshope cxisting structure 3= to 6~ton

LOCAL COOPERATION

27. Local coopergtlon is not required by the ﬁuthorlz tlon for
the Canal project. -



LOCATION AND TRIBUTARY AREA

284, The Cape Cod Canal is a -sea level waterway between Cape Cod
Bay and Buzzords Bay, Messachusetts, that eliminates the need for
vessels up to 33-foot draft to pass outside Cape Cod, TFor small
vessels, it is the only safe coastal route, It is a shorter and
less dangerous route for larger vessels traveling between points
south of Portland, Maine, and north of Delaware Bay. The breakwater
that is the subjceet of this design memorandum is located in the Town
of Sandwich at the east entrance to the Canal on the shore of Cepe
Coc Bay, '

29y The Canal traffic amounted to 8,600 vessels westbound and
9,200 vessels eastbound in 1959. Waterbourne commerce for that year
was 12,600,000 tons, plus 2,300 passengers. The tributary arca for
the Cape Cod Canal could be said to extend along the Atlantic coast
from Meine to Maryland,

PROJECT PLAN

30. The project plan consists of rchabilitation of the existing
breakwater at the castern entrence of the- Cape Cod Canal by placing
stone riprap to restore and strengthen it as described in paragraph 26
above and shown on the attached plans and cross sections,

31,
COST ESTIMATES

31: The estimate of cost for rehabiliation of the breakwater is
based on the volume of stone required to achieve the cdesign dimensions
2s determined by cross-section surveys made December 1961 to February
1962, and unit prices obteined for similer work im 1961 and 1962, The
volume of stone required is as follows:

12-ton Min, b6~ton Min., - Total
Brealkwater 8,100 tons 11,0C0 tons 19,100 tons

Project Cost

Breakwater

Contract @ $1L/ton $268,000
Contingencies 27,000
. $295,000
Engineering & Design 3,000
Supervision & Administration 22,000
TOTAL (Mey 1962) $320,000



32, No maintenance work has been done since the structurc was
built, Meintenance to the original disign would require about 18,000
toris of stone for the breakwater, equivalent to an annuel averagze of
300 tons. This average would bc substeniially reduced by the stronger
desizn proposed for rehabilitation, &> that future annual maintenance
requirements arc estimated at 100 tons for the breskwater. The average
anmial costs are estimated a2t $2,000,

SCHEDULE FOR DESIGN AND CONSTRUCTION

33. Field investigations were completed in February 1962,

Design studies are complete, Preparation of standard plans and

specifications is underway and is scheduled to be completed at the
end of Moy when the invitation for bids is to be issued. Construction
is scheduled to begin 1 July 1962, Based on placing 5,000 tons of
stone 2 month, the structure would be completed in L months,

3L. Funds allocated for rchebilitation amount to $350,000,

BENEFITS

35. The breakwater and jetty at the east entrance of the Cape
Cod Can>l proteet the Conal from littoral drift and wave attack and
protect vessel traffic by training tidal currents. Canal traffic
mounts to nearly 18,000 vessel trips annually, with waterbournec
commerce averaging over 12,000,000 tons. Reconstruction of the
vrenkwoter is required to prevent further damage te it and to protect
the breakwater light, Further damage would substantially increase
novigation difficulties for traffic using this heavily traveled
waterway, Effectivencss of the jetty in preventing littoral drift
into tie Canal has been impaired but can be restored uncer the
raintenance program,

36, The average annual interest and amortization charzes for the
$320,000 cost of rehabilitotion of the breckwater over a project life
of 50 years at 2,625 percent, or 520,500, plus future annual maintcnanee
costs estimated at $2,000, make the total annuel charges for rehabilita-
tion of the breakwater $15,000, These annual costs are considered well
justified in vicew of the substantial benefits from continued maintenance
of a safe entrance to the Cape Cod Canal,

RECOMMENDATION

37. It is recommended that the breakwoter at the cast entrance of
the Cape Cod Cznal be rehabilitated as discussed and shown on the project
plans »
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